An efficient one-pot synthesis of acridinediones by In(OTf) 3 -catalyzed reactions was developed starting from β-enaminones, aldehydes, and cyclic 1,3-diketones. The key strategies of these reactions involve domino Knoevenagel condensation/Michael addition/cyclodehydration reaction.
Introduction
Acridinediones and their derivatives possess a wide range of pharmaceutical activities, including antimicrobial, 1 antimalarial, 2 antitumor, 3 anticancer, 4 antibacterial, 5 fungicidal,
and DNA binding properties. 7 These derivatives have been used in chemotherapy for the treatment of cancer 2 and in the treatment of cardiovascular diseases, such as angina pectoris and hypertension. 7 In addition, acridinediones exhibit important properties such as high fluorescence efficiency allowing them to be used as laser dyes.
8
Given the importance of such activities and properties, a number of methods for the synthesis of acridinedione derivatives have been reported. Most of the methods include condensation of cyclic 1,3-dicarbonyls with arylaldehydes and ammonium acetate or anilines in the presence of Amberlyst-15, 9 p-dodeccylbenzenesulfonic acid, 10 triethylbenzyl ammonium chloride, 11 ionic liquids, 12 and microwave irradiation (Scheme 1).
13 These reported reactions provided symmetrical compounds which contain two identical cyclohexane rings attached to a dihydropyridine ring.
Other one method for the synthesis of symmetrical and unsymmetrical acridinediones has been developed by the reaction of β-enaminones with arylaldehydes and 1,3-dicarbonyls in ionic liquids (Scheme 2).
14 Although several methods for the synthesis of acridinedione derivatives have been reported, there is still a demand for simple and cost effective methods. Indium(III) triflate has emerged as a prominent catalyst for the formation of acetals and thioacetals, 15 aromatic electrophilic substitution, 16 Diels-Alder reactions, 17 and the formation of tetrahydrofurans and pyrans.
18 Recently, we developed a new and useful methodology for the synthesis of arylmethylene bis(3-hydroxy-2-cyclohexene-1-ones) and xanthenediones via an In(OTf) 3 -catalyzed one-pot multi-component reaction. 19 As part of an ongoing study of the efficacy of this catalyst, we herein describe a facile and general method for the synthesis of acridinedione derivatives by the reaction of β-enaminones with aldehydes and cyclic 1,3-dicarbonyls in the presence of indium (III) triflate as a mild catalyst.
Results and Discussion
To produce acridinedione derivatives, we first prepared several β-enaminones 1a-1d by heating corresponding cyclic 1,3-dicarbonyls and amines in 80-91% yield (Figure 1 ) according to a known reaction. 20 Reaction of β-enaminone 1a with benzaldehyde (2a) and 1,3-cyclohexanedione (3a) in the presence of several Brønsted acid and Lewis acid catalysts was next investigated (Table 1) . With 20 mol % of ethylenediamine diacetate (EDDA) in refluxing chloroform for 12 h, only the uncyclized product 4a was produced in 60% yield. When 20 mol % of EDDA was used as a catalyst in refluxing toluene for 24 h, both 4a and 5a were produced in 55 and 5% yield, respectively. With 20 mol % of FeCl 3 in refluxing methylene chloride for 12 h, two compounds were obtained in 45 and 4% yield, respectively. When we used Yb(OTf) 3 and In(OTf) 3 as catalysts (10 mol %), yields of the desired cycloadduct 5a were increased. The two compounds were easily separated by column chromatography and assigned by spectral analysis. The 1 H-NMR spectrum of 4a shows a benzylic methine proton at δ 5.68 ppm, whereas a methine proton of 5a is exhibited at δ 5.31 ppm. Further, clear assignments come from the hydroxyl and carbonyl absorptions at 3453 and 1670 cm -1 for 4a and carbonyl absorptions at 1636 cm -1 for 5a. Interestingly, treatment with 10 mol % of In(OTf) 3 in DMF at 100 o C for 2 h, only 5a was produced in 85% yield.
To expand the efficiency and generality of this methodology, additional reactions of β-enaminones 1a-1d with a variety of aldehydes and cyclic 1,3-diketones were next attempted in the presence of 10 mol % of indium (III) triflate in DMF at 100 o C. The results are summarized in Table 2 . Reactions of 1a with benzaldehyde and dimedone, 1,3-cyclopentanedione or 1,3-indandione gave the desired products 5b-5d in 76, 60, and 82% yield, respectively (entries 1-3). Treatment of 1a with cyclic 1,3-dicarbonyls and aryl aldehydes including both electron-donating and electronwithdrawing groups on the benzene ring provided the corresponding cycloadducts 5e-5i in good yields (entries 4-8). Interestingly, reaction of 1a with 3-furancarboxaldehyde or 3-thiophenecarboxaldehyde gave products 5j and 5k in 70 and 76% yield, respectively (entries 9 and 10). With β-enaminones 1b-1d, the desired products 5l-5q were produced in 72-85% yield (entries 11-16). Importantly, with acetaldehyde, the desired product 5n was obtained in 76% yield (entry 13).
The formation of 5a in the presence of In(OTf) 3 can be explained by the mechanism shown in Scheme 3. Benzaldehyde (2a) forms an oxygen-bonded complex in the presence of indium(III) trifluoromethanesulfonate to give 6, which is attacked by 1,3-cyclohexanedione (3a) to produce the intermediate 7 through Knoevenagel condensation.
Michael addition of 1a to 7 gives another intermediate 8, which undergoes deprotonation to yield 9. Cyclodehydration of 9 under In(OTf) 3 provides the desired cycloadduct 5a.
In conclusion, a new and facile method for the synthesis of biologically interesting acridinediones by an In(OTf) 3 -catalyzed multi-component reaction was developed starting from β-enaminones, aldehydes, and cyclic 1,3-diketones. The key strategies of these reactions were one-pot domino Knoevenagel condensation/Michael addition/cyclodehydration reaction. The method provided several advantages such as low catalyst loading, short reaction time, high yield, and convenient synthesis of unsymmetrical acridinediones.
Experimental Section
1,3-Diketones and aldehydes were obtained from Aldrich Chemicals. Merck pre-coated silica gel plates (Art. 5554) with a fluorescent indicator were used for analytical TLC. Flash column chromatography was performed using silica gel 9385 (Merck).
1

H and
13
C-NMR spectra were recorded using a Bruker Model ARX (300 MHz and 75 MHz, respectively) spectrometer in CDCl 3 . The IR spectra were measured on a Jasco FTIR 5300 spectrophotometer. All HRMS were carried out at the Korea Basic Science Institute.
General Procedure for the Synthesis of Acridinedione Derivatives (5a-5q). To a mixture of β-enaminones (0.5 mmol), aldehydes (0.5 mmol), and 1,3-diketones (0.5 mmol) in DMF (2 mL) was added In(OTf) 3 (28 mg, 0.05 mmol). The reaction mixture was stirred at 100 o C for 2-3 h until completion by TLC analysis. After completion, the reaction mixture was cooled to room temperature and was added water (50 mL). The mixture was extracted with ethyl acetate (3 × 30 mL) and washed with brine (30 mL). The organic layer was dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure to give the crude residue. Purification of the residue by column chromatography on silica gel gave products.
10-Benzyl-3,3-dimethyl-9-phenyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione (5a): A reaction of 1a (115 mg, 0.5 mmol), benzaldehyde (53 mg, 0.5 mmol), and 1,3-cyclohexanedione (56 mg, 0.5 mmol) in DMF (2 mL) afforded 5a (175 mg, 85%) as a solid: R f = 0. 10-Benzyl-3,3,6,6-tetramethyl-9-p-tolyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione (5f): A reaction of 1a (115 mg, 0.5 mmol), p-tolualdehyde (60 mg, 0.5 mmol), and 5,5-dimethyl-1,3-cyclohexanedione (70 mg, 0.5 mmol) in DMF (2 mL) afforded 5f (172 mg, 76%) as a solid: 
